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[57] ABSTRACT 

A rotatable surgical tool is disclosed for cutting and 
removing tissue from a patient. The tool includes an 



outer tubular member having a proximal end portion 
and a distal end portion. An inner tubular member has a 
distal end portion and a proximal end portion with the 
distal end portion of the inner tubular member having a 
cutter. The inner tubular member is ro tat ably disposed 
within the outer tubular member enabling the cutter to 
shear tissue disposed in the vicinity of the distal end 
portions upon rotation of the inner tubular member 
relative to the outer tubular member. A flexible trans- 
mission interconnects the distal end portion and the 
proximal end portion of the inner tubular member for 
transmitting rotational movement from a rotary power 
source to the cutter. The outer tubular member is con- 
structed of a defonnable material enabling the outer 
tubular member to be selectively bent, during fabrica- 
tion of the tool, in a region adjacent the flexible trans- 
mission for facilitating the positioning of the cutter 
proximate the tissue of the patient. A vacuum source 
may be provided to be in fluid communication with the 
proximal end of the inner tubular member for removing 
tissue severed by the cutter. 

21 Claims, 11 Drawing Figures 
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U.S. Pat. No. 4,203,444 to BonneJI et aJ discloses a 
ROTARY SURGICAL TOOL surgical instrument of the aforementioned type suitable 

for performing closed surgery of the knee. The closed 
BACKGROUND OF THE INVENTION surgery technique as taught by Bonnell et al includes 

1. Field of the Invention 5 administering to the patient a local anesthetic followed 
This invention relates to a surgical tool for removing by perforating the outer skin of the patient at selected 

tissue from a patient. More specifically, this invention . about the ^ee joint by means of trocar cannula, 

relates to a curved arthroscopic cutting device or the A Uquid is introduced from a liquid source into one of 

like. toe cannula to inflate the knee joint pouch. The joint is 

2. Information Disclosure Statement 10 illun "nated and observed by means of fibroptic probe 
Until comparatively recently, most knee operations I ? eans i" 1 ^"* 1 through another cannula such that 

involved open surgery in order to remove growths on the * om ma y visualized by the surgeon by 

the patella or to remove torn cartilage from the knee me ? ns of close-circuit television equipment. The distal 

joint.. Such open surgery operations of necessity re- c ™ . arthroscopic rotary surgical cutting tool is 

quired a large incision thus requiring a considerable 13 , " ****** through a further cannula and manipu- 

time to heal. iated b y ^ sur S 60 " int0 toe vicinity of the tissue. As 

More recently, surgeons have been using closed sur- the rota ? blade rotates in the of th e tissue to be 

gery techniques which involve the use of an elongate remov f i ' th e surgeon is able to observe the removal of 

rotary cutter which is inserted into a small incision of , n USSUe b r y means of a televisi0n monitor. Furthermore, 

the patient adjacent the surgical site. The rotatable 20 tlSSUe ^ Tm ^ ons c t ut or shav <* away by the rotary 

cutter includes an inner and an outer coaxial tube, the T &Ca l T*? 8 t0 ° l are removed from th e surgical site 

outer tube defining at the distal end thereof a cutter thr ° Ugh , th f u mner rotat r m S tube I of tne ^ sur 6 ical 

aperture or port which cooperates with a shearing blade T !1 S mean f of a P artial vacuum ' Bonne11 et aI 

secured to the distal end of the inner rotating tube. A „ ^o descnbes how the surgeon manipulates the patella 

source of partial vacuum is applied to the iitner tube 25 ° f * C «»d "mniptUates the instrument back- 

during use of the cutter in order to remove fluid and Z^LZ ?» m °! dt \ * the . cu " mg 

shaved particles from the surgical site. * * e des f d ™ g] ?*?TV° ^ ^f*' SUe * 

2l" *£! f( I? * le ' t0 re T 3 m]y - aCt T a , 35 ^scopic tools. One of the main problems has been 
earlier date. Furthermore, by performing closed sur- ^ the surface of the tella t0 ^ is Ianaf 

gery postoperative discomfort and stuTness due to the Therefore, although as disclosed in U.S. Pat No. 

operation is substantially reduced. Finally because 4 ,203,444 the tool can be moved axially and back and 

closed surgery does not require an extensive longitudi- forthf such maneuvers have presented difficulties when 

nal incision, scarnng is kept to a minimum. 40 attempting to correctly position the cutting element 

Advantages afforded to the surgeon, by such closed re i at ive the site to be planed. As stated in U.S. Pat. No. 
surgery techniques include being more readily accepted 4,203,444, the surgeon during the arthroscopic surgery 
by the patient because of the reduced trauma experi- is required to move the patella of the patient. However, 
enced by the patient undergoing such closed surgery. ^ pateUa wi]I only move to a limited degree ^ m . 
Furthermore, the surgeon is able to perform a wide 45 hibiting the surgical technique. Accordingly, there has 
range of operative procedures utilizing the aforemen- exis ted in the art, the need for a cutter that could be 
tioned arthroscopic techniques. Such operative proce- variably positioned relative to a curved surface to be 
dures include intra-articular surgery as described here- treated without the need for removing the tool and 
inbefore for removing loose tissues from within the reinserting the same within a further cannula disposed 
knee joint. Additionally, such procedures permit re- 50 angularly relative to the first cannula, 
moval of pathological plica, and removal of chondro- The prior art has also utilized rotary surgical cutting 
malacia of the patella. Other procedures include re- means in the form of a rotary burr cutting means. The 
moval of torn meniscus or synovitis. In addition to the rotary burr cutting means was disposed on a distal end 
wide range of operative procedures that may be per- bf an inner rotating member which inner routing mem- 
formed by a surgeon using such closed surgery tech- 55 ber was disposed in an outer tubular member. The ro- 
niques, the surgeon also experiences a reduction in the tary burr cutting means functioned to smooth cut tissue 
requirement for post-operative management as patients during an arthroscopic surgical operation, 
do not require sutures to be removed as is the case with The present invention has as a primary objective the 
open surgery. provision of a surgical tool that overcomes the afore- 

With regard to the functioning of a hospital, the 60 mentioned inadequacies of the prior art devices and 
aforementioned closed surgical technique results in an provides an improvement which is a significant contri- 
increase in the possibility of treating patients requiring bution to the advancement of the closed surgery art. 
knee surgery as out-patients rather than requiring such The present invention overcomes the aforementioned 
a patient to occupy a hospital bed as was the case with problem and inadequacy of the prior art device by pro- 
open surgery. Therefore, viewed from the aspect of 65 viding a rotary surgical tool having an outer tube which 
hospital management, closed surgery techniques result may be bent during manufacture such that the cutting 
in an increase in revenue and a reduction in the stay of element may be positioned at various desired angle 
the patient in the hospital. relative to the surface of the patella. 
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Another object of the present invention is the provi- 
sion of a surgical tool including an inner tubular mem* 
ber having a flexible transmission disposed within an 
outer tubular member, wherein the outer tubular mem- 
ber may be bent during manufacture to a desired config- 
uration. 

Another object of the present invention is the provi- 
sion of a surgical tool having a flexible transmission 
which defines a channel for removing cut tissue by 
means of a source of partial vacuum. 

Another object of the present invention is the provi- 
sion of a surgical tool having a flexible transmission 
which includes a spirally wound tube. 

Another object of the present invention is the provi- 
sion of a surgical tool having a flexible transmission 
interposed in an inner tubular member for transmitting 
rotary movement of a motor to a cutting means. The 
flexible transmission includes a plurality of coaxial spi- 
rals of strip material, each spiral being disposed angu- 
larly relative to an adjacent spiral such that the spirally 
wound tube not only mechanically transmits rotational 
movement of the drive motor to the cutting means, but 
also provides a substantially fluid tight conduit for the 
removal of particles of tissue removed from the surgical 
site. 

Another object of the present invention is the provi- 
sion of a surgical tool having an outer tubular member 
.for the reception therein of an inner tubular member 
.having a flexible transmission means. The outer tubular 
'.member is of a deformable material having sufficient 
mechanical strength to enable insertion of the distal end 
of the outer tubular member into the incision towards 
the surgical site. 

The foregoing has outlined some of the more perti- 
nent objects of the invention. These objects should be 
construed to be merely illustrative of some of the more 
prominent features and applications of the intended 
-invention. Many other beneficial results can be obtained 
;i by applying the disclosed invention in a different man- 
ner or modifying the invention within the scope of the 
'^disclosure. Accordingly, other objects and a fuller un- 
derstanding of the invention may be had by referring to 
the summary of the invention and the detailed descrip- 
tion describing the preferred embodiment in addition to 
the scope of the invention defined by the claims taken in 
conjunction with the accompanying drawings. 

SUMMARY OF THE INVENTION 

The invention is defined by the appended claims with 
a specific embodiment shown in the attached drawing. 
For the purpose of summarizing the invention, the in- 
vention is incorporated into an apparatus and a method 
of making a surgical tool comprising an outer tubular 
member having a proximal end portion and a distal end 
portion. An inner tubular member includes a proximal 
end portion and a distal end portion with the distal end 
portion of the inner tubular member having cutting 
means. The inner tubular member is rotatably disposed 
within the outer tubular member. Means are provided 
for connecting the proximal end portion of the inner 
tubular member to a source of rotary power enabling 
the cutting means to cut tissue of a patient upon rotation 
of the inner tubular member relative to the outer tubular 
member. A flexible transmission interconnects the distal 
end portion and the proximal end portion of the inner 
tubular member for transmitting rotational movement 
from the rotary power source to the cutting means. The 
outer tubular member is constructed of a rigid and de- 



formable material enabling the outer tubular member to 
be selectively bent during fabrication in a region adja- 
cent the flexible transmission during fabrication of the 
tool for facilitating the positioning the cutting means 
5 proximate the tissue of the patient Once bent, the outer 
tubular member retains the selective bent configuration. 
A vacuum source may be provided to be in fluid com- 
munication with the distal end of the inner tubular 
member for removing tissue severed by the cutting 
10 means. 

In a more particular embodiment of the invention, the 
invention relates to a motor-driven, hand-held surgical 
tool and the method of making the same for removing 
tissue from a patient The tool comprises an outer tubu- 
15 lar member wherein the distal end portion of the outer 
tubular member defines an outer cutting aperture. The 
cutting means or cutter is rotatably disposed within the 
outer tubular member adjacent to the outer cutting 
aperture and preferably comprises an inner cutting ap- 
20 erture disposed in the distal end portion of the inner 
member. The inner cutting aperture cooperates with the 
outer cutting aperture such that rotation of the inner 
tubular member within the outer tubular member ena- 
bles tissue disposed in the vicinity of the outer cutting 
25 aperture to be sheared by the interaction of the inner 
cutting aperture with the outer cutting aperture. The 
flexible transmission is connected to the cutter and ex- 
tends through the outer tubular member towards the 
motor. The flexible transmission transmits rotational 
30 movement of the motor to the cutter enabling the outer 
•tubular member to be selectively bent between the dis- 
tal end portion and proximal end portion of the outer 
tubular member for positioning the outer cutting aper- 
ture adjacent to the tissue to be removed. 
35 More specifically, the outer tubular member is of 
stainless steel and defines a bore for the reception 
therein of the rotary cutter and flexible transmission 
means. The bore has a uniform cross-sectional area 
throughout the length thereof, thereby permitting the 
40 rotary cutter and flexible transmission means to be in- 
serted and removed from the proximal end portion of 
the outer tubular member prior to bending of the outer 
tubular member during fabrication of the surgical tool. 
The flexible transmission means includes an inner spiral 
45 of strip material which defines a first channel such that 
the first channel extends along the length of the inner 
spiral. The flexible transmission means comprises three 
spirally wound tubes of flat metallic ribbon such as 
stainless steel. The three layers are of such diameters 
50 that sliding contact with a minimum of radial clearance, 
exists between adjacent surfaces. 

The inner, middle and outer spirals are wound in 
alternating opposite directions and spot welded at each 
end to form a composite flexible tube. 
55 Torque applied to one end of the assembly will be 
. transmitted by alternate layers trying to expand or un- 
wind or trying to contract or wind up. The middle 
spiral will either attempt to expand and be resisted by 
the contraction of the outer layer or the middle spiral 
60 will attempt to contract or wind up and be resisted by 
the inner spiral. 

The three spirals thereby form a spirally wound tube 
with the three spirals being welded to each other by 
spot welds disposed longitudinally along the spirally 
65 wound tube to provide a flexible transmission bidirec- 
tional (cloekwise and counter-clockwise) means defin- 
ing a channel for the passage therethrough of tissue 
removed by the rotary cutter. 
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The inner tubular member includes the distal end FIG. 11 is a diagrammatic representation similar to 

portion and the proximal end portion with the flexible that shown in FIG. 10 but showing the different por- 

transmission means interposed therebetween. The ro- tions of the curved surface being treated with a surgical 

tary cutter is defined by the inner distal end portion. tool according to the present invention. 

Preferably, the outer spiral is of a shorter length than 5 Similar reference characters refer to similar parts 

the middle and inner spirals thereby defining a first and throughout the several views of the drawings, 
a second ledge disposed adjacent the first and second 

ends of the spirally wound tube. The first ledge receiv- DETAILED DESCRIPTION 

ably cooperates with the distal end portion whereas the FIG. 1 is a diagrammatic view of prior art closed 

second ledge receivably cooperates with the proximal 10 surgery being performed on the knee joint of a patient 

end portion such that rotary movement of the motor is and includes a fluid introducing cannula 1. A fibroptic 

flexibly transmitted to the rotary cutter in either a illuminating and display system 2 is shown inserted 

clockwise or counter-clockwise direction. This enables adjacent to the surgical site shown as the patella 3 of the 

the cutter to be rotated in the same direction relative the patient A prior art surgical cutter 4 is moveable axially 

tissue being cut notwithstanding the movement of the 15 relative to the patella 3 as indicated by the arrow 5 and 

cutter from one position on the patella to another posi- from one side to the other as indicated by the arrow 6. 

tion opposite the first position. This prior art surgical technique requires the raanipula- 

The foregoing has outlined rather broadly the more tion of the patella 3 as heretofore described, 

pertinent and important features of the present inven- FIG. 2 is a similar view to that shown in FIG. 1 but 

tion in order that the detailed description of the inven- 20 shows a surgical cutter generally designated 10 accord- 

tion that follows may be better understood so that the ing to the present invention in which an outer tubular 

present contribution to the art can be more fully appre- member 12 of the surgical tool 10 is bent upwardly to 

dated. Additional features of the invention will be de- facilitate placement of the surgical tool 10 adjacent to 

scribed hereinafter which form the subject of the claims the surgical site. 

of the invention. It should be appreciated by those 5 FIG. 3 is a sectional view of the motor-driven, hand- 
skilled in the art that the conception and specific em- held surgical tool 10 shown in FIG. 2. The surgical tool 
bodiment disclosed may be readily utilized as a basis for 10 includes the outer tubular member 12 having a proxi- 
modifying or designing other structures for carrying mal end portion 14 and a distal end portion 16. A tissue 
out the same purposes of the present invention. It 3Q cutting means generally designated 20 is rotatably dis- 
should also be realized by those skilled in the art the posed within the outer tubular member 12. In this em- 
such equivalent constructions do not depart from the bodiment, the cutting means 20 includes an outer cut- 
spirit and scope of the invention as set forth in the ap- ting aperture 18 in the outer tubular member 12 such 
pended claims. that rotation of the cutting means 20 within the distal 

BRIEF DESCRIPTION OF THE DRAWINGS 35 end portion 16 of the outer tubular member 12 enables 

tissue disposed in the vicinity of the outer cutting aper- 

For a fuller understanding of the nature and objects ture 18 to be sheared by the interaction of the cutting 
of the invention, reference should be had to the follow- means 20 with the outer cutting aperture 18. A flexible 
ing detailed description taken in connection with the transmission means, generally designated 22 to be de- 
accompanying drawings in which: ^ scribed in more detail hereinafter, is connected to the 

FIG. 1 is a diagrammatic view showing the general cutting means 20 and is disposed within the outer tubu- 

method of performing closed surgery on a knee cap of lar member 12. The flexible transmission means 22 

a patient using a prior art surgical cutter; transmits rotational movement from a motor (not 

FIG. 2 is a similar view to that shown in FIG. 1 but shown) to the cutting means 20 enabling the outer tubu- 

shows the same closed surgery being performed using a 45 lar member 12 to be selectively bent during the fabrica- 

surgical cutter according to the present invention with tion of the tool at 24 between the distal end portion 16 

the outer tube bent upwardly to faciliate treatment of and the proximal end portion 14 of the outer tubular 

^L?* te l 3 ? ; member 12 for positioning the outer cutting aperture 18 

FIG. 3 is a sectional view of the surgical cutter of the adjacent to the surgical site. The outer tubular member 

present invention with the outer tube being bent down- 50 12 is of a material which when bent at 24 retains the 

W ^?^ ; ■ r bcnt configuration. An example of a suitable material 

FIG. 4 is a left end view of the surgical cutter shown for use in the fabrication of the outer tubular member 12 

m 3; - fa stainIess steel - The out er tubular member 12 defines a 

FIG. 5 is an enlarged plan view of the distal end bore 26 for rotatably receiving therein the cutting 

portion of the surgical cutter shown in FIG. 3; 5 5 means 20 and the flexible transmission means 22. The 

FIG. 6 is a sectional view taken on the line 6-* of bore 26 is dimensioned such that the cutting means 20 

FI ciV? ; • m ^ the flexiWe transmission means 22 may be inserted 

FIG. 7 is an enlarged side elevational view partially and removed from the outer tubular member 12 

in section of the spirally wound tube of the flexible through the proximal end portion 14 of the outer tubu- 

transmission means of the present invention; 60 lar member 12. The outer tubular member 12 also in- 

FIG. 8 is a sectional view taken on the line 8—8 of eludes an intermediate portion 28 shown in FIGS. 5 and 

^^.6; 6 extending between the proximal end portion 14 and 

FIG. 9 is an elevational view of a second embodiment the distal end portion 16. The distal end portion 16 is 

of the present invention illustrating a surgical cutter shown as a partial cylinder 30 having a cylindrical end 

incorporating a rotary burr cutting means; 65 31 defining an outer cap 32. The open end 34 of the 

FIG. 10 is a diagrammatic representation of a prior outer cap 32 is rigidly secured by soldering or the like to 

art surgical cutter being used for treating different por- the intermediate portion 28. The outer cutting aperture 

tions of a curved surface at a surgical site; and 18 is defined by the outer cap 32. 
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The tissue cutting means 20 shown in FIGS. 3, 5 and 
6 is an inner tubular member 40 having an inner distal 
end portion 42 and an inner proximal end portion 44 
with the flexible transmission means 22 interposed 
therebetween. The inner distal end portion 42 is shown 
as a cylinder 45 having a cylindrical end 46 defining an 
inner cap 47. The inner cap 47 defines an inner cutting 
aperture 48 such that at least a portion of edges 50 and 
52 of the inner cutting aperture 48 are machine sharp- 
ened for coacting with edges 54 and 56 of the outer 
cutting aperture 18 as shown in FIG. 6 for shearing 
tissue to be removed from the patient The inner cap 47 
has an external diameter which is less than the internal 
diameter of the outer cap 32 of the outer tubular mem- 
ber 12 such that the inner cap 47 freely rotates or is 
journaled within the outer cap 32 permitting at least a 
portion of the edges 50 and 52 of the inner cutting aper- 
ture 48 to coact with edges 54 and 56 of the outer cut- 
ting aperture 18 to thereby sever tissue when rotated in 
either a clockwise or counter-clockwise direction. 

The flexible transmission means 22 is shown generally 
in FIGS. 3 and 5 and is shown more particularly with 
reference to FIGS. 7 and 8. The flexible transmission 
means 22 includes a composite spirally wound tube 58. 
The spirally wound tube 58 includes an inner spiral 60 
shown in FIGS. 6, 7 and 8. The inner spiral 60 is of strip 
material such as flat stainless steel ribbon and is wound 
upon a suitable mandrel M as shown in FIG. 7 such that 
the inner spiral 60 defines a first channel 62 shown in 
FIGS. 6 and 8. A middle spiral 64 of fiat stainless steel 
strip material is shown in FIGS. 6 f 7 and 8. The middle 
spiral 64 is oppositely wound relative to inner spiral 60 
such that the middle spiral 64 is disposed angularly 
relative to the inner spiral 60 as shown in FIG. 7. The 
middle spiral 64 defines a second channel 70 shown in 
FIG. 8 having a diameter slightly greater than the exter- 
nal diameter of the inner spiral 60 such that the inner 
spiral 60 is slidably disposed within and in close proxim- 
ity to the middle spiral 64. An outer spiral 72 is of flat 
stainless steel strip oppositely wound relative the mid- 
dle spiral 64 so that the outer spiral 72 is material as 
shown in FIGS. 6, 7 and 8. The outer spiral 72 is dis- 
posed opposite or angularly relative to the middle spiral 
64. The angle of the outer spiral 72 may be approxi- 
mately the same as the angle of the inner spiral 60. The 
outer spiral 72 defines a third channel 76 shown in FIG. 
8 such that the third channel 76 has a slightly greater 
diameter than the external diameter of the middle spiral 
64. The middle spiral 64 is slidably disposed within and 
in close proximity to the outer spiral 72. The three 
spirals, 60, 64 and 72 are of such diameters that sliding 
contact, with a minimum of radial clearance, exists 
between adjacent spiral surfaces. 

As shown more particularly with reference to FIG. 7, 
a first fastening means 78 which may be a spot-weld, is 
disposed near one end of the composite spirally wound 
tube 58. The spot-weld 78 unites together all three of 
the spirals 60, 64 and 72. A second fastening means 80 
which is spaced longitudinally relative to the first fas- 
tening means 78 includes a spot-weld, which welds 
together the inner, middle and outer spirals 60, 64 and 
72 respectively. The spot welding holds and supports 
the three spirals axial ly relative to each other to form 
the spirally wound tube 58 to permit transmission of 
rotary movement from a source of rotary motion such 
as a motor connected to the inner proximal end portion 
44 through a coupling generally designated 81 to con- 
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vey tissue removed by the cutting means 20 through the 
first channel 62 defined by the spirally wound tube 58. 

The flexible transmission means 22 is connected to 
the inner proximal end portion 44 of the inner tubular 

5 member 40 at 84 with the inner tubular member 40 
being in fluid tight communication with the first chan- 
nel 62 of the spirally wound tube 58 and is disposed 
adjacent to the second fastening means 80. The flexible 
transmission means 22 is also connected in a fluid tight 

10 communication with the inner cap 47 at 85. The cou- 
pling 81 of the proximal end portion 44 is in fluid com- 
munication with a source or partial vacuum (not shown) 
such that tissue removed from the patient during rota- 
tion of the cutting means 20 enters through suction port 

IS or aperture 21 and is drawn through the first channel 62 
and through the proximal end portion 44 towards the 
coupling 81. Furthermore, the coupling 81 provides 
rotary motion to the cutter 20 from a source of rotary 
power (not shown). 

20 As shown more particularly in FIG. 7, the outer 
spiral 72 is shorter than the inner and middle spirals 60 
and 64 such that a first ledge 88 is defined by spirals 60 
and 64 adjacent to the first fastening means 78. A sec- 
ond ledge 90 is defined by the spirals 60 and 64 in the 

25 vicinity of the second fastening means 80. The first' 
ledge 88 cooperates with the inner diameter of the inner 
cap 47 such that the inner cap 47 may be soldered or 
welded or otherwise secured to the spiral wound tube 
58 adjacent to the first ledge 88. Similarly, the inner 

30 diameter of the inner proximal end portion 44 cooper- 
ates with the second ledge 90 and is soldered, welded, 
or otherwise secured to 82 to the spiral wound tube 58. 

The surgical tool of the present invention essentially 
includes an outer tubular member 12, an inner tubular 

35 member 40, a flexible transmission means 22 and a ro- 
tary cutter 20. The present apparatus invention may be 
modified or incorporated into various alternative de- 
signed rotary tools. FIG. 9 is a sectional view of the 
surgical tool 10A including an outer tubular member 

40 12A having a proximal end portion 14A and a distal end 
portion 16A. A rotary burr cutting means 20A is 
mounted on the distal end portion 42A of the inner 
tubular member 40A. The inner tubular member 40A is 
rotatably disposed within the outer tubular member 

45 12A. The flexible transmission means 22A transmits 
rotational movement from the motor (not shown) to the 
burr cutting means 20A and enables the outer tubular 
member 12A to be selectively bent at 24A between the 
distal end portion 16A and the proximal end portion 

50 14A of the outer tubular member 12A. The flexible 
transmission means 22A further provides a channel 61 
within the spirally wound tube 58 in fluid communica- 
tion with a vacuum source (not shown) to convey tissue 
removed from the patient by rotary burr cutting means 

55 20A and entering through suction port 21A. The rotary 
tool 10A incorporating the cutting burr 20A operates in 
a manner similar to the cutting tool 10 heretofore de- 
scribed. 

A method of making the spirally wound tube 58 in- 
60 eludes the steps of first winding the three springs or 
spirals 60, 64 and 72 and cutting to length. The spirals 
are then assembled over a mandrel M as shown in FIG. 
7. Preferably, the inner spring is a right-hand spiral, the 
middle spring is a left-hand spiral, and the outer spring 
65 is a right-hand spiral. Using this construction, when 
torque is applied in a right-hand direction, the inner coil 
tries to expand but the middle coil constrains it as it tries 
to collapse. When torque is applied in a left-hand direc- 
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tion, the outer coils oppose themselves similarly. The 
spirals 60, 64 and 72 are spot welded together at 78 and 
80 to provide the composite spirally wound tube 58. 
The mandrel M is removed from the first channel 62 
defined by the inner spiral 60 and the inner distal end 5 
portion 42 is secured to the first ledge 88 of the spirally 
wound tube 58. The inner proximal end portion 44 is 
secured to the second ledge 90 of the spirally wound 
tube 58 to form the inner tubular member 40. The flexi- 
ble transmission provides both rotational communica- 10 
tion and fluid communication between the inner distal 
end portion 42 and at the inner proximal end portion 44. 
The inner tubular member 40 is inserted within the 
outer tubular member 12 through the outer proximal 
end portion 14. 15 

In operation and use of the rotary surgical too! as 
described hereinbefore, a local anesthetic is adminis- 
tered in the region of the knee joint of the patient. A 
sharp trocar is inserted through the skin of the patient 
adjacent to the knee cap or patella of the patient. The 20 
trocar cannula is connected to a source of infusion such 
that as liquid is infused into the knee joint, synovial 
tissue is rendered mobile by the inflating liquid so that 
the synovial tissue becomes displaced and floats within 
the infused liquid. A further trocar cannula is inserted in 25 
the vicinity of the first cannula and a fibroptic probe 
connected to a television camera and monitor is posi- 
tioned to both illuminate and display the surgical site 
thereby enabling the surgeon to correctly position the 
rotary hand-held surgical tool to be subsequently in- 30 
serted within the knee of the patient. A very small inci- 
sion is then made by the surgeon to permit insertion of 
the distal end of the rotary surgical tool within the 
incision. The distal end 16 of the surgical tool in then 
gently urged inwardly through the incision and towards 35 
the vicinity of the surgical site until the outer distal end 
portion 16 of the tool becomes visible to the surgeon by 
means of the monitor. When the outer cutting aperture 
18 comes into the view of the surgeon by means of the 
monitor, the outer cutting aperture 18 may be correctly 40 
positioned relative to the surgical site by virtue of the 
curved configuration of the outer tubular member 12. 
This curved configuration of the outer tubular member 
12 greatly facilitates the correct positioning of the cut- 
ter means relative to the tissue to be removed, especially 45 
where the surgical site is disposed at a point where only 
limited access is available. 

More particularly, with use of the prior art devices as 
shown in FIG. 10, when a surgeon wished to treat one 
portion 7 of a curved surgical site 3 and subsequently to 50 
treat a further portion 8 of the surgical site, the surgeon 
using a straight prior art surgical cutter 4 found it neces- 
sary to insert the surgical cutter 4 at two angularly 
disposed dispositions relative to the surgical site 3. The 
second of these positions is shown in phantom outline in 55 
FIG. 10. Not only does this second positioning of the 
cutter 4 require a second incision with the attendant 
additional operation time, but additionally such subse- 
quently positioning of the cutter means 4 results in addi- 
tional scarring of the patient. 60 

According to the present invention as shown in FIG. 
11, the portions 7 and 8 of the surgical site 3 to be 
treated are able to be treated by the bent surgical tool 10 
of the present invention without removing the tubular 
member 12 from the surgical site 3. In operation of the 65 
tool according to the present invention when the sur- 
geon has completed the treatment of the portion 7, the 
outer distal end portion 16 of the tubular member 12 is 
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repositioned as shown in phantom outline in FIG. 11 
such that the outer distal end portion 16 is disposed 
adjacent to the second portion 8 to be treated without 
removing the surgical tool 10 relative the surgical site 3. 
Such repositioning of the distal end 16 is accomplished 
by rotating the outer tubular member 12 relative to the 
surgical site 3 resulting in the repositioning and correct 
positioning of the rotary cutter relative to the surface to 
be treated by virtue of the bend 24 in the elongate tubu- 
lar member 12. If desired, the rotational direction of the 
cutter may be reversed to enable the cutter to rotate in 
the same direction relative the tissue being cut. 

The curved rotary type cutter of the present inven- 
tion provides a significant improvement over the prior 
art devices particularly when treating areas that are 
difficult to access. Also the cutter may be positioned at 
the correct angular disposition relative to the surgical 
site even when the surgical site presents a curved sur- 
face to be treated. Furthermore, the outer tubular mem- 
ber in cooperation with the flexible transmission means 
permits bending of the outer tubular member in almost 
any direction relative to the rigid tubular portion. This 
bending is facilitated particularly in view of the spiral 
wound tube which not only transmits rotary movement 
of the motor to the cutting means but also provides a 
substantially fluid tight channel for the removal of tissue 
from the surgical site. 

The present disclosure includes that contained in the 
appended claims as well as that of the foregoing de- 
scription. Although this invention has been described in 
its preferred form with a certain degree of particularity, 
it is understood that the present disclosure of the pre- 
ferred form has been made only by way of example and 
that numerous changes in the details of construction and 
the combination and arrangement of parts may be re- 
sorted to without departing from the spirit and scope of 
the invention. 

What is claimed is: 

1. A surgical tool for cutting tissue from a patient 
upon rotation by a rotary power source, comprising: 

an outer tubular member having a proximal end por- 
tion and a distal end portion; 

an inner tubular member having a proximal end por- 
tion and a distal end portion; 

said distal end portion of said inner tubular member 
having a cutting means; 

said inner tubular member being rotatably disposed 
within said outer tubular member, 

means connecting said proximal end portion of said 
inner tubular member to a source of rotary power 
enabling said cutting means to cut the tissue of a 
patient upon rotation of said inner tubular member 
relative to said outer tubular member; 

a flexible transmission means interposed between said 
distal end portion and said proximal end portion of 
said inner tubular member for transmitting rota- 
tional movement, from the rotary power source to 
said cutting means; 

said flexible transmission means including a plurality 
of coaxial spirally wound layers being wound in 
alternating opposite direction relative to each other 
to enable rotation of said cutting means in either a 
clockwise or counter-clockwise direction; and 

said outer tubular member being of a deformable 
material enabling said outer tubular member to be 
selectively bent in a region adjacent said flexible 
transmission for facilitating said positioning of said 
cutting means proximate the tissue of the patient 
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2. A surgical tool as set forth in claim 1, including 
means connecting said proximal end of said inner tubu- 
lar member to be in fluid communication with a vacuum 
source for removing tissue severed by said cutting 
means. 5 

3. A surgical tool as set forth in claim 1, wherein said 
tissue cutting means disposed at said distal end portion 
of said inner tubular member further includes: 

a first and second cutting edge to enable tissue to be 
cut when said tissue cutting means rotates in a 10 
clockwise or counter-clockwise direction. 

4. A surgical tool as set forth in claim 1, wherein said 
flexible transmission means is a spirally wound tubing 
means comprising: 

an inner spiral of strip material being wound between 15 
said distal end portion and said proximal end por- 
tion of said inner tubular member; 

a middle spiral of strip material being wound between 
said distal end portion and said proximal end por- 
tion of said inner tubular member; 20 

an outer spiral of strip material being wound between 
said distal end portion and said proximal end por- 
tion of said inner tubular member; 

fastening means for securing said inner, middle and 
outer spiral of strip material to said distal end por- 25 
tion and said proximal end portion of said inner 
tubular member; and 

said inner, middle and outer spirals being oppositely 
wound relative to each other for providing a coop- 
erating flexible mechanical coupling while simulta- 30 
neously defining an inner spiral bore for conveying 
tissue removed from the patient from said distal 
end portion to said proximal end portion of said 
inner tubular member. 

5. A surgical tool for cutting tissue from a patient 35 
upon rotation by a rotary power source, comprising: 

an outer tubular member having a proximal end por- 
tion and a distal end portion; 

said distal end portion of said outer tubular member 
defining an outer aperture; 40 

an inner tubular member having a proximal end por- 
tion and a distal end portion; 

said distal end portion of said inner tubular member 
defining an inner aperture; 

said inner tubular member being rotatably disposed 45 
within said outer tubular member; 

means connecting said proximal end portion of said 
inner tubular member to the rotary power source 
enabling said inner and outer apertures to cut the 
tissue of the patient upon rotation of said inner 50 
tubular member relative to said outer tubular mem- 
ber; 

flexible transmission means interposed between said 
distal end portion of said inner tubular member and 
said proximal end portion of said inner tubular 55 
member for transmitting rotational movement of 
the rotary power source to said inner aperture; 

said flexible transmission means including a plurality 
of coaxial spirally wound layers being wound in 
alternating opposite direction relative to each other 60 
to enable rotation of said cutting means in either a 
clockwise or counter-clockwise direction; and 

said outer tubular member being of a deformable 
material for enabling said outer tubular member to 
be selectively bent in a region proximal said flexible 65 
transmission means for facilitating the positioning 
said inner and outer apertures proximate the tissue 
to be cut of the patient. 
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6. A surgical tool as set forth in claim 5, wherein said 
deformable material of said outer tubular member is 
stainless steel. 

7. A surgical tool as set forth in claim 5, wherein said 
outer tubular member defines an internal bore for rotat- 
ably receiving therein said inner tubular member and 
said flexible transmission means. 

8. A surgical tool as set forth claim 7, wherein said 
internal bore is of uniform cross-sectional area along the 
length of said outer tubular member. 

9. A surgical tool as set forth in claim 5, wherein said 
distal end portion said outer tubular member comprises 
an outer cap portion defining said outer aperture; and 

means connecting said outer cap portion to said prox- 
imal end portion of said outer tubular member. 

10. A surgical tool as set forth in claim 5, wherein said 
distal end portion of said inner tubular member com- 
prises an inner cap portion defining said inner aperture; 
and 

said flexible transmission means interconnecting said 
inner cap portion and said proximal end portion of 
said inner tubular member. 

11. A surgical tool as set forth in claim 10, wherein 
said outer cap portion is of a hollow cylindrical configu- 
ration having one cylindrical end thereof being closed 
by an outer cap wall; and 

said inner cap portion being of a hollow cylindrical 
configuration and having one cylindrical end 
thereof being closed by an inner cap wall. 

12. A surgical tool as set forth in claim 11, wherein at 
least a portion of an edge of said outer aperture of said 
outer tubular member is sharpened; and 

at least a portion of an edge of said inner aperture of 
said inner tubular member being sharpened for 
coacting with said sharpened edge of said outer 
aperture for shearing the tissue of the patient upon 
said inner tubular member rotating within said 
outer tubular member. 

13. A surgical tool as set forth in claim 12, wherein 
said inner cap portion of said inner tubular member has 
an external diameter which is less than the internal 
diameter of said outer cap portion of said outer tubular 
member for enabling said inner cap portion to rotate 
within said outer cap portion to permit said sharpened 
edge of said inner aperture to coact with said sharpened 
edge of said outer aperture as said inner tubular member 
rotates within said outer tubular member. 

14. A surgical tool as set forth in claim 5, wherein said 
flexible transmission means comprises: 

an inner spiral of strip material being wound between 
said distal end portion and said proximal end por- 
tion of said inner tubular member; 

a middle or center spirally wound strip material being 
wound between said distal end portion and said 
proximal end portion of said inner tubular member; 

an outer spiral of strip material being wound between 
said distal end portion and said proximal end por- 
tion, of said inner tubular member; 

fastening means for securing said inner and outer 
spiral of strip material to said distal end portion and 
said proximal end portion of said inner tubular 
member; and 

said inner and outer spirals being oppositely wound 
relative to each other for providing a cooperating 
flexible mechanical coupling while simultaneously 
defining an inner spiral bore for conveying tissue 
removed from the patient from said distal end por- 
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tion to said proximal end portion of said inner tubu- 
lar member. 

15. A surgical tool as set forth in claim 5 f wherein said 
flexible transmission means further includes: 

an inner spiral of strip material defining an inner spi- 5 
ral bore extending through and along the length of 
said inner spiral; 

said inner spiral of strip material being wound in a 
first direction between said distal end portion and 
said proximal end portion of said inner tubular 
member; 

a middle spiral of strip material defining a middle 
spiral bore extending through and along the length 
of said middle spiral ; 15 

said middle spiral bore of said middle spiral having a 
greater diameter than the external diameter of said 
inner spiral enabling said inner spiral to be slidably 
disposed within and in close proximity to said mid- 
dle spiral; 20 

said middle spiral of strip material being wound in a 
second direction between said distal end portion 
and said proximal end portion of said inner tubular 
member, 

an outer spiral of strip material defining a outer spiral 25 
bore extending through and along the length of 
said outer spiral; 

said outer sprial bore having a greater diameter than 
the external diameter of said middle spiral enabling 
said middle spiral to be slidably disposed within 
and in close proximity to said outer spiral; 

said outer spiral of strip material being wound in a 
first direction between said distal end portion and 
said proximal end portion of said inner tubular 35 
member; 

fastening means for securing said inner, middle and 
outer spirals of strip material to said distal end 
portion and said proximal end portion of said inner 
tubular member; and 40 

said first direction being angularly disposed relative 
to said second direction for fastening said inner, 
middle and outer spirals into a cooperating flexible 
coupling while simultaneously defining said inner 
spiral bore for conveying tissue removed from the 45 
patient from said distal end portion to said proximal 
end portion of said inner tubular member, 

16. A surgical tool as set forth in claim 13, wherein 
said fastening means are spot welds which weld adja- 
cent portions of said spirals together to provide a three- 50 
ply composite flexible spirally wound tubing. 

17. A surgical tool as set forth in claim 16, wherein 
each of said spiral strip materials is bias by a resiliency 

in said spiral material; and 55 
said bias of said inner and outer spirals being substan- 
tially the same direction and angularly disposed 
relative to said bias of said middle spiral. 

18. A surgical tool as set forth in claim 17, wherein 
said inner tubular member further includes: 60 

said proximal end portion being substantially rigid 
and having a first and a second end; 
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said first end of said proximal end portion being in 
fluid tight communication with said inner spiral 
bore; 

said second end of said proximal end portion being in 
fluid tight communication with a source of partial 
vacuum for removing tissue severed from the pa- 
tient by rotation of said cutting apertures. 

19. A surgical tool as set forth in claim 18, wherein 
said inner distal end portion is substantially rigid; 

said outer distal end portion being substantially rigid 
and having an outer distal end bore for journal ing 
therein said inner distal end portion. 

20. A surgical tool as set forth in claim 17, wherein 
said outer spiral is shorter in length relative to the 
length of said middle and inner spirals; 

said inner and middle spirals defining a first ledge for 
the reception thereat of said inner distal end por- 
tion; 

said outer spiral also defining a second ledge disposed 
remote from said first ledge for the reception 
thereat of said inner proximal end portion. 

21. A surgical tool for cutting and removing tissue 
from a patient upon connection to a rotary power 
source and a source of partial vacuum, comprising: 

an outer tubular member having a proximal end por- 
tion and a distal end portion, 

said distal end portion of said outer tubular member 
defining an outer aperture; 

an inner tubular member having a proximal end por- 
tion and a distal end portion; 

said distal end portion of said inner tubular member 
defining an inner aperture; 

said inner tubular member being rotatably disposed 
within said outer tubular member enabling said 
inner and outer apertures to cut the tissue of the 
patient upon rotation of said inner tubular member 
relative to said outer tubular member; 

rotary coupling means for coupling said proximal end 
portion of said inner tubular member to the rotary 
power source; 

flexible transmission means interconnecting said dis- 
tal end portion of said inner tubular member and 
said proximal end portion of said inner tubular 
member for transmitting rotational movement of 
the rotary power source to said inner aperture; 

said flexible transmission means including a plurality 
of coaxial spirally wound layers being wound in 
alternating opposite direction relative to each other 
to enable rotation of said cutting means in either a 
clockwise or counter-clockwise direction; 

said outer tubular member being of a deformable 
material for enabling said outer tubular member to 
be selectively bent in a region adjacent said flexible 
transmission means of said inner tubular member 
for facilitating the positioning said inner and outer 
apertures proximate the tissue to be cut of the pa- 
tient; and 

fluid coupling means for coupling said proximal end 
portion of said inner tubular member to the source 
of partial vacuum for removing the tissue of the 
patient severed by said inner and outer apertures. 
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